Background As efforts continue to improve the results of TKA, the potential influence of sex and gender on longterm survival of implants, knee function, pain relief, and patient satisfaction remains relevant, particularly given the increased incidence of osteoarthritis of the knee in women and reports that women derive equal benefit from TKA. Questions/purposes This article reviews the literature pertinent to the question of whether long-term survival, knee function, pain relief, and patient satisfaction after TKA differ between men and women. Methods Large clinical series ([ 1000 patients) published in the last 10 years were identified in PubMed and reviewed. Results Men may be at higher risk of revision surgery than women. Sex/gender has been consistently shown to impact both function and pain relief both before and after TKA. Although women achieve at least the same degree of functional improvement as men, women have worse preoperative physical function and do not reach the same final level of physical function as men. Likewise women may have similar or even greater improvement in pain after arthroplasty than men but still have final pain scores that are less favorable. Conclusions Further research is required to understand the sex and gender differences contributing to implant survival, physical function, and pain relief after TKA.
Introduction
Osteoarthritis of the knee can severely impact a patient's functional status and quality of life. TKA is a highly effective treatment for many patients. With the aging of the US population, it is projected that the demand for primary TKA may approach 1.5 million procedures in 2020; the number of revision procedures is also expected to substantially increase [16] . Moreover, the demand for these procedures in patients younger than 65 years is projected to exceed 50% of all primary and revision TKAs by 2016 and 2011, respectively [17] . Clearly TKA will remain a surgical procedure in great demand. Although TKA is a costeffective procedure for improving pain and function in patients with severe osteoarthritis [20] , unfortunately, not all patients do well or are satisfied with their results [1, 2, 13] . Patients who are not satisfied with their outcomes often seek further evaluation and use additional healthcare resources.
Osteoarthritis of the knee is more common in women than men [7, 33] . Women lose articular cartilage at four times the annual rate of men in the proximal tibia and three times in the patella [9] . Although more women than men undergo TKA in the United States, data suggest TKA for severe knee osteoarthritis is underused by both men and women, but the degree of underuse is three times greater in women [10] . This combination of higher disease burden and potential for more appropriate utilization creates the scenario in which even higher numbers of women could undergo TKA in the upcoming years.
The introduction of a knee implant designed for female patients was potentially based on the presumption that existing designs did not provide adequate pain relief, function, or implant survival for females and promoted interest in the question of whether women have the same clinical results as men after TKA. Some investigators have concluded women derive as much benefit as men from the procedure [22, 29] . While improvement may be comparable, the question remains as to whether final results are the same.
The purpose of this review was to identify potential differences between men and women with respect to (1) implant survival, (2) function, (3) pain relief, and (4) patient satisfaction after TKA. The need for new strategies for optimizing outcomes for all patients after TKA is discussed. The role of an implant specifically designed for women is addressed in a different article in this symposium [12] .
Search Strategy and Criteria
The PubMed database was searched for English-language articles published since 2000. Search words included TKA, gender, and female, with 970 articles identified. Clinical series with a minimum of 1000 TKAs were reviewed for inclusion in the data analysis. Additional studies with a specific focus on function, pain relief, and patient satisfaction were reviewed to provide additional data.
The terms sex and gender are used in this article and merit definition. Sex is determined by an individual's genetic composition and every cell has a sex. Gender is a more complex term and can encompass the influence of a culture on an individual and an individual's perception of their identity and behavioral roles within their society. Within the scope of this article, the term sex/gender is used when potentially both sex and gender may be appropriate.
Implant Survival
Women may have a more favorable prognosis related to implant survival than men. Several large studies within the last 10 years show less favorable primary total knee implant survivorship in men than in women (Table 1) . Although some studies report no gender difference, none showed a significant difference favoring improved implant survivorship in men as compared with women.
Specific etiologies of arthroplast failure may be influenced by whether the patient is male or female. MacDonald et al. [22] found a major increase in the risk of revision for men as compared with women and revision for polyethylene wear and infection was more likely in men. While showing no difference for knee revision (infection excluded), Dalury et al. [5] showed a higher rate of osteolysis between men and women (3.8% versus 1.1%).
Preoperative and Postoperative Function
Women have lower preoperative functional scores at the time of TKA than men. Three large clinical series using the Knee Society score all reported lower function in women at the time of TKA (Table 2) . Lower preoperative scores have also been reported using the WOMAC [19, 22] .
Specific quantitative physical functional tests provide additional evidence of a difference between men and women in physical function at the time of arthroplasty. Women demonstrate longer 6-minute walk tests [14, 25] and longer timed up-and-go tests [25] . Moreover, Petterson et al. [25] compared arthroplasty candidates with normal control subjects and found women had reduced normalized quadriceps strength, 6-minute walk test, and stair-climbing test times as compared with men in both the arthroplasty and control groups, suggesting an inherent gender (and also possibly sex)-based difference. However, these differences were magnified in the women undergoing arthroplasty. Finally, two studies showed, in patients with knee osteoarthritis, women had lower quadriceps normalized maximal voluntary isometric contraction than men [8, 25] .
Women have lower functional scores after TKA than men (Table 2) . Although the final overall knee score was slightly lower for women in all three major studies and reached statistical significance in two, the difference in final overall scores of approximately 1 to 3 points may not be clinically important. However, when only the functional component of the knee scores was analyzed, the final functional scores were lower for women than for men by approximately 9 to 11 points; these likely reflect clinically important differences.
With use of the WOMAC outcome measure, results in two studies differed. MacDonald et al. [22] found a difference favoring men in final WOMAC scores (men, 71.9; females, 69.6; p = 0.001) and functional scores (men, 70.6; women, 67.9; p = 0.001). However, Lingard et al. [19] found no difference in functional scores at 1 and 2 years after surgery between men and women despite the preoperative WOMAC scores being the strongest predictor of the postoperative WOMAC functional score.
The degree of improvement in postoperative scores generally favored women in some studies [22, 29] but not all [5] . However, the data consistently show women do not reach the same final functional level as men [5, 22, 29] . For example, in the Ritter et al. [29] study of 4903 patients, the mean Knee Society functional score at 5 years for men was 85.8 versus 77.5 for women. Analyzing function (walking, stairs, and rising from a chair) and need for a walking aid, Singh et al. [32] showed women had poorer function and higher dependence on walking aids than men at both 2 and 5 years after TKA (2 years, 4701 patients; 5 years, 2935 patients) even after adjusting for preoperative limitation, demographics, and comorbidities.
Preoperative and Postoperative Pain
Women have worse pain than men both before and after arthroplasty. In large studies with prospectively collected data, this difference in pain is consistent (Table 2) [19, 22, 29] . Using followup questionnaires to patients in a large clinical database, Singh et al. [31] analyzed the 2-and 5-year pain ratings of patients after primary TKA (2 years, 5290 patients; 5 years, 2602 patients). Two years after arthroplasty, approximately 36% more women than men were likely to have moderate to severe pain. At 5 years, there was no improvement, with approximately 37% more women having this level of discomfort than men. After adjusting for preoperative pain level and age, women were still more likely to have moderate to severe pain at 2 years after arthroplasty; however, no difference was seen at 5 years. The authors concluded the risk of moderate to severe pain after TKA was greater in female patients, younger patients, and patients with worse preoperative pain.
Several investigators have studied whether pain after TKA can be predicted. Although no difference between men and women was observed in a smaller study of 116 patients, Brander et al. [4] found patients with greater preoperative pain to have both greater postoperative pain and worse function. Preoperative depression and anxiety were associated with heightened pain at 1 year. One in eight patients reported moderate to severe pain at 1 year, with no clinical or radiographic abnormality identified. In a followup study of 83 of these patients [3] , those with heightened and unexplained pain at 1 year improved over several years and nearly all reported being satisfied with their arthroplasty 5 years after the procedure. Preoperative pain and depression still predicted lower Knee Society functional scores, but anxiety, although associated with pain at 1 year, did not affect the 5-year outcome.
Preoperative pain catastrophizing reportedly predicted pain at 6 months after TKA in a study of 140 patients [28] . Pain catastrophizing was defined as the patient's belief that their pain will progress and that they are helpless to deal with it. Of note, although approximately 20% of the patients in this study had symptoms of major depression and an additional 20% had symptoms of anxiety disorder, pain catastrophizing was the only clear predictor of pain at 6 months. Whether women undergoing TKA are more likely to catastrophize regarding pain is unclear. Sex-related differences in the pain mechanisms may influence outcomes. In a small study of patients with knee osteoarthritis undergoing TKA, Lundblad et al. [21] showed women had lower sensation thresholds and pain thresholds than men. Pain at rest and lower preoperative pain threshold were associated with postoperative pain at rest.
Patient Satisfaction
In two contemporary studies of patient satisfaction, no difference in satisfaction after TKA between men and women was identified. Using a satisfaction questionnaire to ask for (1) overall satisfaction, (2) satisfaction regarding pain reduction, and (3) satisfaction regarding improved function, Bourne et al. [2] studied 1703 primary TKAs and found 19% were very dissatisfied, dissatisfied, or neutral about their outcomes. The strongest predictors of dissatisfaction were expectations not being met, a low 1-year WOMAC score, preoperative pain at rest, and a postoperative complication requiring hospitalization. In a smaller study of 253 patients, Noble et al. [24] utilized a validated self-administered survey instrument consisting of 55 multiple-choice questions related to symptoms, function, and degree of overall satisfaction. They found 75% of patients were satisfied or very satisfied with their arthroplasty and patient satisfaction was primarily determined by patients' expectations and not their absolute level of postoperative function.
Discussion
The influence of a patient's sex/gender on results after TKA remains an important question, particularly given the higher incidence of knee osteoarthritis in women. The purpose of this review was to identify potential differences between men and women with respect to (1) implant survival, (2) function, (3) pain relief, and (4) patient satisfaction after TKA. While such specific outcomes are influenced by multiple factors, the inclusion of large clinical series ([ 1000 TKA) in this study strengthens the ability to determine whether the patient's sex/gender impacts a particular result.
There are a number of limitations to the literature and this review. The analysis focused on clinical series with greater than 1000 implants. Such studies are typically retrospective reviews of prospectively collected data with limitations associated with such databases. Studies with smaller patient numbers may still have significant findings. Second, a formal meta-analysis was not performed. Third, these studies did not explore the potential role of gender in the decision to proceed with TKA and when such a decision was made relative to a patient's duration of symptoms.
The role of sex/gender in implant survival is not clear. Current studies either show implant survival to be favorable to women or show no difference. No studies found an implant survival advantage to men. Of note, however, is that in two studies of the PFC 1 Sigma TM Knee System (DePuy Orthopaedics, Inc, Warsaw, IN), Dalury et al. [5] found no gender difference, whereas Fehring et al. [6] identified the revision risk to be 2.8 times greater for men than women. Although the sterilization process used for the polyethylene inserts in the Dalury et al. [5] study was not detailed, the use of inserts sterilized in air with gamma irradiation may have influenced the revision rates in the Fehring et al. [6] study. The newly formed American Joint Replacement Registry may help provide data needed to answer the question of sex/gender influence on implant survival. If men have a higher failure rate than women, then strategies should be developed to identify patient attributes related to this higher failure rate and mitigating factors under the control of the surgeon and patient.
Sex/gender influences function both before and after TKA. Women have lower functional scores before surgery and at followup than men. Although women have at least the same improvement after surgery as men, they do not reach the same final level of function. Women do not ''catch up'' to men [18] . Petterson et al. [25] have suggested women undergoing TKA may be more adversely affected by osteoarthritis than men and woman may have more advanced disease at the time of arthroplasty. While muscle atrophy resulting from disuse and pain before knee arthroplasty clearly influences quadriceps function, research suggests neural inhibition of full quadriceps activation, also referred to as arthrogenic muscle inhibition [27] , affects women to a greater degree than men [8, 25] and may be an important factor in the etiology of sex differences in knee function in patients with osteoarthritis.
Sex/gender influences pain after TKA. In large studies, women have more pain both before and after arthroplasty ( Table 2) . Women had both lower sensation and pain thresholds than men after TKA [21] . Moreover, in a small study of only six men and six women with knee osteoarthritis, positron emission tomography imaging of the brain showed arthritic pain is processed in areas of the brain concerned with emotion and fear [15] . Certainly pain is complex and a detailed analysis of sex and gender differences in pain is beyond the scope of this article. However, psychosocial factors appear to play a role in pain after arthroplasty, particularly pain catastrophizing. Preoperative pain, depression, and anxiety may also influence pain, particularly within the first year after surgery. Additional research is needed in this area and more clinical attention directed to the emotional state of the patient undergoing TKA.
Sex/gender influence on patient satisfaction after TKA, based on limited studies, showed no difference. Understanding and meeting patients' expectations regarding TKA may be the most important factor in a good outcome from the perspective of the patient. Although data clearly show women have lower functional scores than men after surgery, excellent function does not always equate to high patient satisfaction with the procedure [24] . Preoperative education can be effective in modifying inappropriate patient preoperative expectations [23] .
In conclusion, further research is needed to better understand the differences between men and women influencing outcomes in TKA. Strategies need to be developed to identify any patient who is at higher risk of implant failure, suboptimal postoperative function, and incomplete pain relief. New approaches to treat these patients are required to improve outcomes. Finally, more focus on understanding patients' expectations and aligning them with realistic results may improve patient satisfaction.
